The gut hormone peptide YY 3-36 ] has been suggested to posses anorexigenic actions in animals and human adults. However, its circulating concentrations and function have not been studied in neonates. Serum concentrations of PYY (3-36) were determined by RIA (RIA) in 62 healthy preterm infants [mean(SD) gestational age, 32.0(2.1) weeks; postnatal age, 40.9(14.8 d)] and 15 healthy fullterm infants of comparable postnatal age and gender. The correlations between PYY (3-36) levels and anthropometric characteristics, food intake, growth rates and circulating concentrations of total PYY, ghrelin, leptin, insulin and adiponectin were examined. Mean (SD) PYY (3-36) concentrations were higher in preterm [543.7(157.6) ng/L) than full term infants [350.9(114.1) ng/L; p Ͻ 0.001) and accounted for 48% and 42% of total PYY basal plasma immunoreactivity in preterm and full term infants, respectively. In multiple regression analysis, concentrations correlated negatively with the infants' BMI and positively with serum ghrelin concentrations, but not with caloric intake, weight gain or concentrations of any other hormone studied. In conclusion, PYY (3-36) represents almost half of total PYY immunoreactivity in neonates. It's correlations with ghrelin and BMI suggest a role of this peptide in the regulation of energy homeostasis; however, its specific functions and physiologic significance in neonates remain to be elucidated. ] is one of the two major molecular forms of the gut peptide YY, the other isoform being PYY (1-36) (1). Both isoforms, in addition to exerting secretory and motor activities throughout the gut (2,3), are involved in the central regulation of food intake and energy balance. Both peptides have an anorexigenic effect through a Y2 receptor-mediated mechanism at the level of hypothalamus, whereas PYY (1-36) also possesses orexigenic action by acting at central Y1 receptors (3,4). PYY (3-36) is more potent than PYY (1-36) in several effects, such as decrease of food intake and inhibition of gastric emptying (3).
P eptide YY 3-36 [PYY
] is one of the two major molecular forms of the gut peptide YY, the other isoform being PYY (1-36) (1) . Both isoforms, in addition to exerting secretory and motor activities throughout the gut (2, 3) , are involved in the central regulation of food intake and energy balance. Both peptides have an anorexigenic effect through a Y2 receptor-mediated mechanism at the level of hypothalamus, whereas PYY (1-36) also possesses orexigenic action by acting at central Y1 receptors (3, 4) . PYY (3-36) is more potent than PYY in several effects, such as decrease of food intake and inhibition of gastric emptying (3) .
In adults, PYY (3-36) accounts for 37% and 54% of total PYY immunoreactivity in basal and postprandial plasma, respectively (1) . However, circulating levels of PYY have not been measured in neonates so far. The aim of the present study was to determine the circulating concentrations of PYY in preterm and full term infants and to examine their possible associations with the infants' size, caloric intake, weight gain and the serum concentrations of total PYY or other hormones implicated in the regulation of metabolism, such as ghrelin, leptin, insulin and adiponectin (5, 6) .
METHODS
Study population and protocol. Sixty-two preterm [mean (SD) gestational age, 32.0 (2.1) weeks; birth weight, 1542 (275) g; males, 28] and 15 healthy full term infants [gestational age, 39.0 (1.0) weeks; birth weight, 3200 (498) g; males, 6] who served as the reference group were studied. Full term infants had similar gender distribution to that of preterm infants. Gestational age was estimated from the last menstrual period and supported by fetal ultrasound measurements and clinical examination of the neonate according to the new Ballard score (7). Preterm infants admitted to our unit were included in the study provided that 1) they had no congenital malformations or major morbidities [necrotizing enterocolitis, bronchopulmonary dysplasia, intraventricular haemorrhage greater than grade I according to the criteria of Volpe (8) ], 2) their mothers had elected formula feeding, and 3) they did not have an infection during, at least, the last ten days of hospitalisation.
All infants were fed by formula that provided 670 Kcal/L. The feeding protocol and the assessment of the infants' growth were described previously in a report referring to serum levels of total peptide YY and ghrelin in the same study population (9) . Briefly, infants less than 32 wk of postconceptional age and/or those with immature sucking were initially given 2-hourly nasogastric tube bolus feeds. After sucking feeds had been established, the infants were offered formula every 3 h. Finally, all infants studied were bottle-fed every 3-4 h during, at least, the last week of the study.
In preterm infants, body weight was obtained daily, using a standard electronic scale. Recumbent length and head circumference were measured weekly by the same investigator. Body mass index (BMI) of the infants at discharge was calculated (Kg/m 2 ). Weight gain in grams per Kilogram per day was estimated since birth, as well as over the last week of hospitalisation. Full term infants were followed-up after discharge and their weight, length and head circumference were measured weakly by the same method applied to preterm infants. Blood was obtained, before feeding, in the morning of the day of discharge in preterm infants [40.9 (14.8) days of life] and at a comparable postnatal age in full term infants [35.1 (15.3) days of life] for routine blood tests, as well as for serum PYY (3-36), total PYY, ghrelin, leptin, insulin and adiponectin level determinations. The anthropometric characteristics of the study population at testing, caloric intake, weight gain and the levels of hormones studied, but not PYY (3-36) values, were reported previously (9, 10) and are summarized in Table 1 .
The Ethics Committee of "Aghia Sophia" Children's Hospital approved the study, and informed parental consent was also obtained for all infants studied.
Hormone assays. Serum PYY (3-36) levels were assayed by a human PYY (3-36) RIA kit (Linco Research), which utilizes an antibody specific for PYY (3-36) with no measurable cross-reactivity to PYY (1-36). The intraassay and interassay coefficients of variation (CV) were 7.0% and 6.4%, respectively, and the lower limit of detection was 20 ng/L. Serum concentrations of total PYY, ghrelin and adiponectin were also determined by RIA, whereas serum leptin and insulin levels were measured by ELISA and chemiluminescence immunoassay, respectively, as described previously (9, 10) . Total PYY RIA (Linco Research) recognizes both the 1-36 and 3-36 forms of human PYY, with an interassay CV of 6.5% and intraassay CV of 4.5%.
Statistical analysis. Data are presented as mean (SD), unless otherwise noted. Values of PYY (3-36) were normally distributed so that no logarithmic transformation was necessary. Differences between preterm and full term infants in quantitative variables were evaluated by the Student-t or Mann Whitney-U test, as appropriate. Univariate and multiple linear regression analyses were used to examine relations among the variables of interest. Levels of statistical significance were set at p Յ 0.05. All statistical analyses were performed using the SPSS statistical package (SPSS, Chicago, IL).
RESULTS
Serum PYY (3-36) levels were significantly higher (p Ͻ 0.001) in preterm [543.7 (157.6) ng/L] than full term infants [350.9 (114.1) ng/L] and accounted for 48% and 42% of total PYY immunoreactivity in preterm and full term infants, respectively. In univariate regression analysis, serum PYY (3-36) concentrations correlated negatively with the body weight (␤ ϭ Ϫ0.33, p ϭ 0.01 in preterm infants; ␤ ϭ Ϫ0.86, p Ͻ 0.001 in full term infants) or BMI of the infants at testing (␤ ϭ Ϫ0.38, p ϭ 0.01 in preterm infants; ␤ ϭ Ϫ0.77, p ϭ 0.009 in full term infants) (Fig. 1) , whereas they correlated positively with total PYY levels (␤ ϭ 0.82, p Ͻ 0.001 in preterm infants; ␤ ϭ 0.72, p ϭ 0.004 in full term infants), serum ghrelin concentrations (␤ ϭ 0.30, p ϭ 0.01 in preterm infants; ␤ ϭ 0.59, p ϭ 0.02 in full term infants) (Fig. 2) and serum insulin levels in the preterm infant group only (␤ ϭ 0.38, p ϭ 0.003). In preterm and full term infant groups, no significant correlation was found between serum PYY (3-36) levels and gestational age, gender, birth weight, body length or head circumference of the infants at testing, caloric intake, weight gain and levels of leptin or adiponectin.
After adjustment for body weight or BMI, the influence of prematurity on serum PYY (3-36) levels did not remain significant. On multiple regression analysis modelling with gestational age, gender, BMI, caloric intake, weight gain, ghrelin and insulin levels entered into the model, the only significant and independent predictors of PYY (3-36) concentrations were BMI (␤ ϭ Ϫ0.66, p ϭ 0.001) and ghrelin levels (␤ ϭ 0.30, p ϭ 0.02) (r 2 of the model ϭ 0.52, p Ͻ 0.001). If BMI was substituted by body weight in the regression model, the independent predictors of PYY (3-36) concentrations were body weight (␤ ϭ Ϫ0.51, p ϭ 0.005) and ghrelin levels (␤ ϭ 0.27, p ϭ 0.02) (r 2 of the model ϭ 0.45, p Ͻ 0.001). 
SERUM LEVELS OF PYY (3-36) IN INFANTS

DISCUSSION
According to the results of this study, serum PYY (3-36) concentrations were higher in preterm than full term infants of comparable postnatal age and much higher than levels estimated from previous reports on total PYY levels in older children (11) and adults (2). However, after adjustment for body weight or BMI of the infants at testing, the influence of prematurity on PYY (3-36) concentrations did not remain significant. Interestingly, BMI, or body weight, were identified as independent negative predictors of PYY (3-36) levels. BMI constitutes a marker of adiposity and body weight, in neonates, also correlates positively with body fat mass as assessed by dual-energy x-ray absorptiometry (12) . Thus, the increased PYY (3-36) levels in our preterm infants are, at least partly, possibly due to their decreased adiposity. A negative association between PYY levels and markers of adiposity has also been reported in adolescents (13) and adults (14) , but it is not clear from these studies whether PYY levels have an effect on adiposity or they are influenced by fat mass. Although a correlation between PYY levels and markers of adiposity was not a consistent finding in other studies (15, 16) , it cannot be excluded that factors related to fat mass may affect the synthesis/release of PYY; however, the precise factors and underlying mechanisms remain to be determined.
To our knowledge, this is the first study in which the circulating levels of PYY (3-36) were directly measured in preterm and full term infants. We found that PYY (3-36) accounted for a high percentage (almost 50%) of total PYY immunoreactivity in our study population, similarly to previous reports in adults (1) , and in accordance with the demonstration of both isoforms of PYY, in equal amounts, in fetal intestinal tissues (17) . However, it contradicts the results of the study of Adrian et al. showing that, on gel permeation chromatography, the majority of circulating PYY-like immunoreactivity, in the neonate, eluted in an identical position to the pure 36 amino acid PYY standard; thus represented the PYY (1-36) (18) . As that method was not specific in the detection of the PYY (3-36) isoform, the discrepancy between the results of that study and ours is probably due to the different methodology applied.
Serum ghrelin concentrations were also identified as independent predictors of serum PYY (3-36) levels. Although interventional studies assessing a possible influence of ghrelin on the synthesis/release of PYY (3-36) have not been conducted so far, an i.v. infusion of PYY (3-36) in humans suppressed plasma ghrelin levels (14) . Both ghrelin and PYY levels were low in states associated with obesity (14), while they were elevated and correlated positively with each other in negative body weight balance, such as in anorexia nervosa (13) . Thus, in our study population, PYY (3-36) levels may increase to counteract an elevation in ghrelin levels. This is consistent to the opposite effects of ghrelin and PYY (3-36) on food intake and energy balance (5) . Observations in animals suggest that PYY may contribute to signaling a positive status of energy intake by inhibiting the hypothalamic arcuate neurons, which are activated under a negative status of energy intake by signals such as ghrelin (19) . However, Adams et al. provided evidence of dissociation between PYY activity and the regulation of ghrelin levels; PYY (3-36) administration in animals, lowered food intake without altering plasma ghrelin concentrations and regardless of prevailing endogenous plasma ghrelin levels (20) . In addition, no difference in postabsorptive plasma acyl-ghrelin (the active form of ghrelin) was observed between PYY knockout and wild animals (20) .
PYY (3-36) levels correlated positively with insulin levels in preterm infants only. Although the absence of such a correlation in full term infants may be due to their limited number, it is in accordance with previous studies in older children and adults (16, 21) . We reported previously that insulin levels tended to be higher in preterm than in full term infants after adjustment for body weight and a negative correlation between insulin levels and the body weight of preterm infants was observed (10) . Under hyperinsulinemic conditions, PYY (3-36) reinforces insulin action on glucose disposal in animals, thus exerting an insulin sensitizing effect (22) ; whether PYY (3-36) increases in our preterm infants to exert such an action is not known. In addition, body weight might be behind the correlation found between insulin and PYY (3-36) levels in preterm infants. In fact, after controlling for body weight or BMI at discharge, the influence of insulin on serum PYY (3-36) levels did not remain significant.
The precise role and specific functions of PYY (3-36) in preterm and full term infants are not known. Although we did not observe any correlation between PYY (3-36) levels and caloric intake or weight gain in our study population, this may be due to the especially complex processes involved in the regulation of food intake and body weight balance (5) . Whether the elevated levels of PYY (3-36) in neonates, especially in the preterms, are related to the involvement of this peptide in the regulation of energy homeostasis and/or to effects on the gut (2,3), including absorptive, trophic and proliferative actions (23) (24) (25) , or to more systemic phenomena, such as enhancement of insulin sensitivity (22) and inhibition of lipolysis (26) , remains to be determined.
